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Introduction
Soil salinization in irrigated areas is a degradation process that harms both crop productivity and environment. According to current predictions the climate change in the
Mediterranean region will be accompanied by changes in the precipitation patterns and increases in the average temperatures. For the Mediterranean south area, the HadCM3 global
circulation model predicted a climate change for 2030-2060 years and A2-B2 emission scenarios, with 2ºC of temperature increase in summer and +1,5 ºC for the remainder stations,
and a reduction of 20% in precipitation for summer, and an increase of 5% during winter and autumn (table 1, Giannakopoulos et al. 2009). These new conditions could affect the soil
salt build-up due to a decrease in the salt leaching ability of rainfall and because of an increase of the evapotranspiration due to the increase of temperature. Regional simulations of
the effects of climate change on soil salinity are necessary. The process-based models integrated within a Geographical Information System-GIS framework to simulate the salinity
for different scenarios is a option to predict the effects of climate change in the soil salinity, and even to recommend irrigation management to mitigate this effects in the crops
and avoid the soil salinization.
Objective
The main objective of this work was to predict the effect of climate change in the soil salinization of a mediterranean irrigated area, and estimating irrigation rates to minimize the
effect of climate change in the soil salinization.
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Material and methods
Description of the GIS-SALTIRSOIL
SALTIRSOIL (SALTs in IRrigated SOILs, Visconti et al. 2011) is a simulation model able to predict the annual average value of
the electrical conductivity, and the ionic components of soil solution in irrigated soils. The SALTIRSOIL model was calibrated
and validated for several crops and irrigation systems (drip, surface irrigation) (Visconti et al. 2010) and currently this
validation is being extending to other crops, climatic conditions and irrigation management (Visconti et al. 2012). Several
modules were developed to simulate the water balance and salt concentration factor, and for chemical equilibrium of soil
solution at several soil water contents. The annual version of the SALTIRSOIL was fully integrated in a GIS framework using
the ARCGIS developer engine tool and programmed in Visual Basic .NET.
The GIS-SALTIRSOIL model requires information associated to several maps to input to the model. These maps were
elaborated and combined to yield a base map with all the information spatially distributed in which run the model at regional
scale. These maps are:
- Soil. This map was elaborated from a soil survey in the area in which more than 40 points were sampled and analyse the
main characteristics in the lab.
- Climate. The Thornthwaite aridity index was interpolated using kriging techniques to elaborate this map. The monthly
average rainfall and ETo were associated to each region delimited in the aridity index map.
- Crop distribution. A combination of GIS-citrus and Land use map (updated to 2008) was used to elaborate this map.
- Irrigation water quality. Administrative irrigation delimitation was provided by the public institution responsible of the
water supply in the region (Confederación Hidrográfica del Segura, CHS)
A graphical user interface (GUI, Fig. 1) was designed and implemented in the system to manage the GIS-SALTIRSOIL
friendly. Several menus, option buttons, listboxes and comboboxes were included in the GUI to manage the map display (zoom),
to access the database, make selections, to elaborate printable maps etc. In figure 1 the main menu of the GIS-SALTIRSOIL
linkage is shown. A database structure was designed to store the main attribute data associated to the maps. Soil, climate,
water quality, crop parameters (crop coefficients, irrigation frequency etc.), equilibrium chemical parameters, model input and
output data are stored in this database linked to the maps.
Figure1. Main menu of the Graphical User Interface (GUI) of the GIS-SALTIRSOIL linkage.
Figure 2. Area where the GIS-SALTIRSOIL has been applied to evaluate the
climate change effects in soil salinity.
Study area
The irrigated area of this zone occupies 74 000 ha, and 80% of the soils in the irrigated area are in some degree salt-affected (de Paz et al. 2011). Farmers use several irrigation
water supplies with significant differences in salt contents, from good quality such as the Tajo-Segura transfer with a EC25 of 1.1 dS m-1, to worse quality water such as the
agricultural return flows, or several groundwater with an EC25 sometimes higher than 8 dS m-1. Other irrigation water supplies are the Segura River with an EC25 that can reach 3.9
dS m-1, and treated waste water with a variable EC25 from 2.2 to 3.5 dS m-1. The main irrigated crops are citrus, which occupy 63% of the area, and vegetables such as Broccoli,
Artichoke which accounts for 13% of the irrigated area. The average annual precipitation and Penman-Monteith reference evapotranspiration within the period 2000-2006 was 280 ±
40 mm and 1210 ± 60 mm, respectively, indicating a semiarid climate with an important water deficit.
Results and Discussion
As the main result of the simulation, an increase of 14 % in the climate change scenario (2) regarding the present climatic conditions (1). This increase of ECse may be reduced up to
7.5% if we increase the irrigation rate by 20% (scenario 4). In this case, the GIS-SALTIRSOIL estimated a 50 hm3 of extra-water volume needed to reduce the soil salinity in the
whole area up to a tolerant level for crop production under the climate change scenario.
In figure 4 the soil electrical conductivity maps for the three scenarios are shown. Comparing these maps we can find out in which areas soil salinity will increase significantly
because of climate change. Thanks to this capability we can say that the areas where the climate change effect becomes more evident on soil salinity are those irrigated with the
highest salinity water (EC = 6 dS m-1) (Fig. 5). There an increase of 45% in the ECse was estimated. On the other hand, in the districts irrigated with low salinity water (EC = 1.1 dS
m-1) the effect of climate change on soil salinity is hardly significant. There just an increase of 8% in ECse was estimated (Fig. 5). This indicates that an improvement in water quality
would significantly mitigate the likely effect of climate change in the study area.
The system is also able to classify the area in several ranges of electrical conductivity in the soil saturated extract in agreement of USDA classification (U.S. Salinity Laboratory
Staff, 1954): non-saline (0-2 dS m-1), slightly saline (2-4 dS m-1), moderately saline (4-8 dS m-1), strongly saline (8-16 dS m-1) and extremely saline (> 16 dS m-1) as shown in figure 6
for the three scenarios. Using this utility we could estimate that the area with ECse>4 dS m-1 (moderately to strongly saline), was extended from 19% to 34% when comparing climate
change (scenario 2) (fig. 6) with current conditions (scenario 1). This increment of salt-affected areas (ECse>4 dS m-1) was reduced to similar levels than current conditions if the
irrigation rates increase to 20% (scenario 4). This reveal that under climate change conditions we will need to increase the irrigation rates in 20% with regard to the current water
applications in order to combat the likely effect of climate change.
Climate change scenarios
This system GIS-SALTIRSOIL allows us to evaluate the effect of climate change in the soil salinization of the irrigated area regionally. We assume the water quality neither is
affected by climate change nor the crop distribution. In this work we consider the following four scenarios:
?Scenario 1: Present climatic conditions based on average parameters.
?Scenario 2: Climate change in which changes of temperature and precipitation for the Spanish Mediterranean region in the period 2030-2060 using the Hadcm3 model (table
1). These conditions lead in our study area to a increase of 53 mm in potential evapotranspiration and a reduction of 5 mm in rainfall during the summer (fig. 3)
?Scenario : The same scenario than 2, but with an increase of 10% of the irrigation rates.
?Scenario 4: The same scenario than 2, but with an increase of 20% of the irrigation rates.
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Table 1. Projections simulated by HadCM3 model for climate change in seasonal temperature and precipitation for the 2030-2060.
Figure 5. Simulated average ECse for each irrigation district in the area 
and scenario considered. 
Figure 6. Area classified in soil salinity ranges for the four scenarios considered.
Figure 4. Maps of the electrical conductivity in soil saturated extract (ECse) for the scenarios with current conditions (left), with climate change (middle) and with climate change and an increase of 20% in irrigation rates (right).
Figure 3. Prediction of precipitation and evapotranspiration for the climate change scenario.
